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The induction of contact hypersensitivity is sup-
pressed when hapten is applied topically to an area 
irradiated by ultraviolet B (UVB). There is no stan-
dardized procedure to induce this local intntunosup-
pression by UVB. We investigated the effects of the 
following factors on induction of dinitrofluoroben-
zene contact hypersensitivity in mice. UVB dose, 
divided UVB exposure, timing of sensitization after 
irradiation, hapten concentration, hapten volume 
(application area), sex, age, and simultaneous sensi-
tization on UV -exposed and nonexposed skin. The 
suppression was enhanced by increasing the UVB 
dose. When 100 mJ/cm2 of UVB was irradiated, di-
vided daily exposure (25 mJ X 4 d) was more suppres-
sive than single exposure (100 ntJ X 1 d). Sensitization 
2 d after irradiation (100 mJ/cnt2 ) induced suppression 
utaneous exposure to low doses of ultraviolet B 
(UVB) radiation [1,2] or psoralen plus UV A [3,4] is 
associated with altered immune responses and im-
pairs the induction of contact hypersensitivity 
(CHS) to hapten applied directly to the irradiated 
skin surface in certain strains of mice [5,6] and in humans [7]. 
Although not completely delineated, several mechanisms have 
been implicated to explain these immunosuppressive effects. In the 
mouse, UVB irradiation in vivo results in a loss of the phenotypic 
markers of Langerhans cells [5,8 -1 0], and a direct correia tion was 
demonstrated between the number of ATPase-positive Langerhans 
cells in the epidermis and the ability to induce CHS in UVB-
irradiated mice [5]. Moreover, the state of unresponsiveness has 
been shown to be mediated by the generation of antigen-specific 
suppressor T cells [11], of which the phenotype is CD4 (but not 
CD8 +) [11], and it can be transferred passively to naive mice. 
Many immunologists have investigated the mechanisms by 
which the suppressor T cell is activated. In the mouse, Thy-l + 
epidermal cells [12-15] and UV-resistant, I-J-restricted, Ia + / 
Thy-l - cells [16,17], which are more resistant to the effects of 
UVB than are Langerhans cells, have been demonstrated to be 
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most effectively. When 25 ILl of dinitrofluorobenzene 
solution was applied to exposed skin, higher concen-
trations induced lower suppression. When the total 
dose of hapten was kept constant (92 ILg), the appli-
cation of lower concentrations to large areas (0.25%, 
25 ILl) caused stronger suppression than higher con-
centrations (1 %, 6.25 ILl) to small areas. Simultaneous 
sensitization on UV -exposed and nonexposed skin 
revealed less suppression than sensitization only on 
exposed skin. The suppression of contact hypersensi-
tivity was significantly greater in young than in old 
mice. These results provide details that may be useful 
in designing studies involving immunosuppression 
by UVB radiation. K ey wovd: tolevance. ] Invest Devmatol 
104:364-369, 1995 
responsible for the activation of suppressor T cells. In the 
human, UVB can induce the appearance in epidermis of DR + / 
T6 - cells, which are distinct from "classic" Langerhans cells and 
are responsible for the activation of the T - suppressor circuit 
[18,19]. Simon et aL [20,21] demonstrated that UVB irradiation 
can convert Langerhans cells from an immunogenic to a tolero-
genic antigen-presenting cell (APC), as UVB-irradiated Langer-
hans cells lost their ability to stimulate the Thl subset respon-
sible for mediating delayed-type hypersensitivity, while fully 
retaining their capacity to stimulate the Th2 subset. 
Furthermore, it has been suggested that the synthesis or secretion 
of several soluble mediators and cytokines, including interleukin-l 
[22,23], eicosanoids [24], cis-urocanic acid [25,26], and tumor 
necrosis factor-a [25], is responsible for immunosuppression after 
UVB radiation. 
Although many investigations have been undertaken, there are 
still many questions to be answered, not only on the cellular and 
molecular levels but also regarding the mechanisms underlying the 
integrated activity of the immune system and unresponsiveness that 
result in an allergic or anergic response. In regard to CHS or 
delayed-type hypersensitivity, it has been reported that various 
factors such as the sensitizing antigen, the dose of hapten [27], and 
the genetic background of the responder [28] determine the 
strength of the reaction in animals and humans. However, little is 
known about the factors that influence or determine the degree of 
UVB-induced local immunosuppression, and there is no standard-
ized animal model for local immunosuppression by UVB radiation. 
With this in mind, we investigated factors influencing immunosup-
pression in dinitrofluorobenzene (DNFB) CHS in mice. 
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MA TERlALS AND METHODS 
Animals C3H/HeN specific pathogen-free female or male mice were 
purchased from Shizuoka Laboratory Animal Center, Ltd. (Hamamatsu, 
Japan). The mice were 5-12 weeks of age at the beginning of each 
experiment, but within a single experiment all mice were age-matched. 
Each control or experimental panel consisted of five to 10 mice. 
UVB Irradiation The UVB source was a bank of seven fluorescent 
sunlamps (FL20.SE.30, Toshiba Medical Supply, Tokyo, Japan) with an 
emission spectrum of275-375 nm and a peak at 305 nm. The irradiance was 
1 m W / cm2 at a distance of 26 cm measured by a radiometer (UVR-305/ 
365D(II), Toshiba Medical Supply). The abdomen of the mice was depi-
lated and then irradiated with sunlamps. During irradiation, the earlobes 
were covered with black adhesive tape. The irradiation dose was varied 
depending upon the experimental protocol. The animals were anesthetized 
by intraperitoneal injection of pentobarbital to keep them immobile during 
exposure. 
Sensitization and Elicitation of CHS In standard experiments, 24 h 
after irradiation, the animals were sensitized by epicutaneous application of 
25 I.d of1% DNFB solution in acetone:olive oil (4:1) on the depilated skin. 
Depending upon the experimental protocol, DNFB concentration, applica-
tion volume, and interval between UVB irradiation and sensitization were 
varied as indicated in R esults. CHS was elicited by application of 20 I.Ll of a 
0.2% DNFB solution on the surface of each left ear 6 d after sensitization. 
Ear thickness was measured with the aid of a dial thickness gauge (Peacock, 
Tokyo, Japan) before and 24 h after application of the challenge dose, and 
the difference between the two readings was recorded as the ear swelling. 
To determine whether any tolerance was induced, we sensitized all mice 
again by applying 25 ILl of 1 % DNFB on the nonirradiated dorsal skin 
immediately after the measurement of ear swelling. The second challenge 
test was performed on the opposite (right) ear 6 d after the second 
sensitization . Suppression of ear- swelling response was calculated as fol-
lows: 100 - (ear swelling of test mice/ear swelling of no-UVB control 
mice) X 100%. 
ADPase Staining Langerhans cells were stained according to the 
method of Chaker et al [29]. Briefly, epidermal sheets were prepared from 
skin samples using ethylenediaminetetraacetic acid and stained with aden-
osine 5' -diphosphate (ADP). 
Statistics Student t test was used to determine the statistical significance 
of differences among ear- swelling data. 
RESULTS 
Immunosuppression is Enhanced in Proportion to UVB 
Dose The induction of CHS to DNFB was suppressed by UVB 
exposure in a dose-dependent manner (Fig 1). Within the range of 
UVB doses (25-200 m]lcm2 ) examined in this study, the suppres-
sion was enhanced by increasing UVB doses. Although 25 m]lcm2 
of UVB caused a suppression in CHS responses, this did not reach 
statistical significance. 
Dividing UVB Exposure Increases Suppression Keeping the 
total dose of UVB constant, we examined the effect of dividing the 
exposure. Three groups of mice were exposed to 100 m]lcm2 of 
UVB as a single exposure, to 50 m]lcm2 UVB twice on d 0 and d 1, 
or to 25 m]1 cm2 UVB daily on 4 consecutive days. Sensitization 
was performed 1 d after the last irradiation. As shown in Fig 2, 
divided exposures induced stronger suppression of CHS than a 
single exposure. Four daily exposures to 25 m]lcm2 each revealed 
the strongest suppression (93.2%), whereas two divided exposures 
provided lower suppression (80.3%), and a si.'1gle exposure pro-
vided the lowest suppression (70.0%). 
Lower DNFB Concentration Induces Stronger Suppression 
When 25 fLl ofDNFB solution was applied on the skin exposed to 
100 m]lcm2 UVB, higher concentrations of the hapten induced 
lower suppression of CHS (Fig 3). The sensitization with 4% 
DNFB (1472 fLg) induced a lower percentage suppression than that 
with 0.25% DNFB (93 fLg) (61 % versus 83%; p < 0.025). Although 
not significant statistically (p > 0.2), 1% DNFB (368 fLg) revealed 
a suppression in between (73%). The second challenge test revealed 
almost identical swelling as that in the first challenge, indicating 
that immunologic tolerance was induced in all groups. 
Furthermore, we examined the minimal concentration of DNFB 
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Figure 1. Local immunosuppression is enhanced in a UVB-dose-
dependent manner. Groups of mice were exposed to UVB at a dose of 
25,50, 100, or 200 m]/cm2 • Sensitization was attempted 1 d after irradiation 
by applying 25 ILl of 1% DNFB to the irradiated skin. Six days after 
sensitization, the mice were challenged epicutaneously to reveal eventual 
development of DNFB hypersensitivity. Data are expressed as mean 
intensity of ear swelling (:::!: standard deviation) of five to 10 mice per group 
at 24 h after challenge. *p < 0.001 compared to the positive control group 
(animals sensitized without UVB exposure). 
to induce immunosuppression when 25 fLl of DNFB solution was 
applied to UV-exposed skin. The application of 0.125% DNFB (46 
fLg) induced tolerance, revealing suppressed ear swelling in the first 
and second challenge tests. On the other hand, 0.0625% DNFB (23 
fLg) did not show ear swelling on the first challenge but did in the 
second, suggesting that this concentration is too low to induce 
immunotolerance. However, it is not clear which is the main 
determinant of the UV -induced suppression: concentration (%) or 
total amount (fLg) of hapten. To answer this question, we per-
formed the following experiment. 
DNFB Application to Larger Areas Induces Stronger Sup-
pression In this study, the total amount of hapten was kept 
constant and the hapten concentration, i.e., the volume and 
application area, were varied. A total amount of 92 fLg of DNFB 
was applied to the skin 1 d after irradiation with 100 m]lcm2 of 
UVB. The application of a total amount of 92 fLg to a 420-mm2 
area, which was equivalent to the application of 25 fLl of 0.25% 
DNFB, caused significant (82.9%) suppression (Fig 4). In these 
mice, the induction of tolerance was confirmed by the second 
challenge tests. 
When the same amount (92 fLg) was applied to a 210-mm2 area 
(12.5 fLl of 0.5% DNFB), the degree of suppression ofCHS reached 
only 24% (not significant). The same amount applied to an area of 
105 mm2 , using 6.25 fLl of 1 % DNFB, did not induce suppression. 
Hapten application of a larger volume or to a larger area caused 
stronger suppression. 
Moreover, we examined the effect of the application area (or 
volume) when the hapten concentration was constant. As shown in 
Fig 4, whereas the application of 6.25 fLl of 1 % DNFB to the small 
area (105 mm2 ) did not induce immunosuppression, that of25 fLlof 
the same concentration (1%) DNFB to a larger area (420 mm2 ) 
caused significant (73%) suppression. Therefore, when the hapten 
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Figure 2. Divided exposure is more effective than a single expo-
sure. The first group of mice was irradiated with a single exposure of 100 
mJ/cm2 . The second was exposed twice to 50 mJ/cm2 , and the third group 
to 25 mJ/cm2 daily on 4 consecutive days. Animals were sensitized by 
epicutaneous application of 25 J.LI of 1 % DNFB on the irradiated skin 1 d 
after irradiation. Data are expressed as mean intensity of ear swelling (± 
standard deviation). *p < 0.001. 
concentration is constant, it is necessary to apply it to a large 
enough area for induction of immunosuppression. 
Effect of Timing Between Irradiation and Immunization 
The suppression was most prominent (92%) when the hapten was 
given 2 d after exposure to 100 m]/cm2 UVB (Fig 5). However, 
sensitization even 5 dafter UVB exposure induced significant 
(41 %) suppression. 
To study the relation between the degree of suppression and the 
number of Langerhans cells, we examined the density of Langer-
hans cells within the irradiated epidermis using ADP-ase staining. 
The number of Langerhans cells had already decreased (25.6% 
reduction) immediately after UV exposure (day 0), and revealed 
minimal reduction (97.7%) 3 d after irradiation. On d 7, the density 
of Langer hans cells was still less than half (62.8% reduction) of that 
in pre-irradiated skin. Therefore, as reported previously, the num-
ber and/or function of Langerhans cells appear to contribute to the 
degree of suppression, although the time course of the Langerhans 
cell population and the intensity of immunosuppression did not 
exactly correlate . 
Immunization on Irradiated and Nonirradiated Skin We 
questioned whether CHS or immunotolerance would be induced 
when the hapten was applied simultaneously to the UV -irradiated 
and nonirradiated skin. Groups of mice received applications of 25 
J.LI of 1 % DNFB only to the UVB-irradiated ventral skin, to both 
the irradiated ventral and nonirradiated dorsal skin at the same 
time, or to only the nonirradiated dorsal skin, 1 d after irradiation 
with 100 m]/cm2 UVB. As shown in Fig 6, the simultaneous 
application of hapten on exposed and nonexposed skin revealed 
weaker suppression (49.2%) than sensitization only on the exposed 
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Figure 3. Local suppression is reduced by higher concentration 
and amount of DNFB. Groups of mice received application of 25 J.LI of 
0.25%, 1%, or 4% DNFB 1 d after exposure to 100 mJlcm2 UVB 
irradiation. Data are expressed as mean intensity of ear swelling (± standard 
deviation) . *p < 0.025; **p < 0.001. 
skin (65.6%). Moreover, the results of the second challenge tests 
were almost the same as those of the first challenge. 
The next question was whether the tolerance is induced when 
the hapten is applied to the nonirradiated site 1 d before the hapten 
is applied to the irradiated site, or vice versa. As shown in Fig 7, the 
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Figure 4. Local suppression is enhanced by larger volume (appli-
cation area) of hapten when the total amount of hapten is kept 
constant. Groups of mice were irradiated with 100 mJ/cm2 of UVB and 
contact-sensitized by application of a fixed total dose (92 J.Lg) of DNFB, 
varying the hapten concentration (%) and the application volume (area). 
Groups of mice were given 25 J.LI of 0.25%, 12.5 J.LI of 0.5%, or 6.25 J.Llof 
1 % DNFB. Data are expressed as mean intensity of ear swelling (± standard 
deviation). Shaded bar indicates the ear swelling in animals sensitized with 25 
J.LI of 1 % DNFB. *p < 0.001. 
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Figure 5. Local suppressio n is influenced by the timing of hapten 
application after UVB irradiation and the number of ADPase-
positive Langerhans cells. Groups of mice were irradiated with 100 
mJlcm2 ofUVB and sensitized by application of25 ILl ofl% DNFB 1,2,3, 
5, or 7 d after irradiation. Bars indicate mean intensity of ear swelling (::!: 
standard deviation), as shown on lift scale. The ADPase-positive Langerhans 
cells (LC) were counted in ten random fields per sheet, and data are 
expressed as mean number (::!: standard deviation) in three mice per group, 
as shown by line and right scale. *p < 0.001; **p < 0.01 compared to positive 
control group (animals sensitized without UVB exposure). 
ear swelling of the mice that received the hapten application to the 
irradiated site on d 1 and to the nonirradiated site on d 0 (group 2) 
revealed weaker sensitization than that of the mice that received 
hapten only to the nonirradiated site (group 1), but revealed 
stronger sensitization than that of the mice that received simulta-
neous application to both sites (group 3). Group 4, which was 
sensitized on the UV -irradiated skin 1 d before sensitization on the 
nonirradiated skin, developed stronger suppression than the group 
sensitized on both sites simultaneously (group 3), but the suppres-
sion was weaker than that in the mice sensitized only on the 
UV-irradiated site (group 5). 
Sex and Age of Mice Approximately similar immunosuppres-
sion was induced in male and female animals (58.7% versus 61.6%). 
Two age groups were studied: young animals (11 weeks), as have 
been used routinely in previous experiments, and old animals (26 
weeks). The younger mice developed stronger suppression (73.3%; 
p < 0.001) than did the older ones (33.9%; p > 0.2) (Fig 8). 
DISCUSSION 
When antigens are painted on skin that has been pre-treated with 
UVB, a state of immunologic unresponsiveness is induced instead 
of the normal positive CHS. Moreover, this state of unresponsive-
ness is mediated by antigen-specific suppressor T cells and can be 
transferred passively to other mice. The exact mechanisms have yet 
to be elucidated by which suppressor T-cell activation becomes the 
dominant component of the response to antigen after UVB radia-
tion. Little is known about the influencing factors leading to the 
UV -induced immunosuppression and to activation or expansion of 
this suppressor T cell. Therefore, there is no standardized ani.mal 
model to obtain the UVB-induced local suppression routinely and 
most effectively. 
In the present study, we investigated the influencing factors that 
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induce the local immunosuppression to DNFB CHS in mice 
receiving UVB irradiation. The degree of suppression was en-
hanced in proportion to UVB dose, consistent with the report by 
Noonan and DeFabo [30]. Experiments of local immunosuppres.-
sion usually have used the original protocol by Toews et al [5], i.e., 
four consecutive daily exposures to UVB radiation (40 m]lcm2 in 
total). In the present study, we compared the effects of single and 
divided exposures, keeping the total dose of UVB constant. The 
results demonstrated that the degree of suppression was enhanced 
by daily divided exposures, although the reason is not clear. It is 
possible that divided exposure enhances the ability of UVB to 
eliminate Langerhans cells from the skin, to activate APC-inducing 
suppressor T cells, or to produce suppressive cytokines. The timing 
of hapten application after irradiation also influenced the magnitude 
of suppression. The suppression was partially correlated with tqe 
change in the number of ADPase-positive Langerhans cells, sug-
gesting the crucial role of Langerhans cells. However, suppression 
in the groups sensitized on d 1 and d 5 was 70.9% and 40.0%, 
respectively, although the population of ADPase-positive Langer-
hans cells was similar at both times. The density of Langer hans cells 
in the sensitization area alone could not determine the degree of 
UVB-induced suppression. It is possible that the ability of UVB 
radiation to convert Langerhans cells from the immunogenic to 
tolerogenic APC [21] might be influenced by the timing of the 
hapten derivation. 
It is well known that the sensitizing dose of hapten is an 
important determinant of the magnitude of CHS. In the present 
study, we found that this is the case also in UVB-induced 
immunosuppression. In our protocol, 46 p..g of DNFB could 
induce suppression when hapten was applied to the skin receiv-
§ 10-
M 
0 
,..... 
X 
0> 
C 
(1) 
~ 5-
(/) 
I-
m 
(1) 
a 
uv (+) skin 
UV (-) skin 
sensitization 
* 
+ 
r 
-, 
_r.... 
+ 
+ 
** 
+ 
Figure 6. Simultaneous hapten application on irradiated and non-
irradiated skin reveals less suppression than sensitization only on 
exposed skin. Groups of mice received the application of 25 ILl of 1 % 
DNFB only to the UVB-irradiated ventral skin, to both the irradiated 
ventral and nonirradiated dorsal skin at the same time, or to only the 
nonirradiated dorsal skin, 1 d after exposure to 100 mJ/cm2 of UVB 
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Figure 7. One-day interval between application on exposed and 
nonexposed skin shows stronger influence of the previous applica-
tion. Groups of mice were irradiated with 100 mJ/cm2 of UVB on d O. 
They received an application of25 J.LI of 1 % DNFB only to the nonirradiated 
ventral skin (group 1), to the irradiated site on d 1 and to the nonirradiated 
site on d 0 (group 2), to both the irradiated and nonirradiated sites 
simultaneously (group 3), to the irradiated site on d 1 and to the nonirra-
diated site on d 2 (group 4), or to only the irradiated site on d 1 (group 5). 
CHS was elicited 6 d after the last application of hapten. Data are expressed 
as mean intensity of ear swelling (:::!: standard deviation) . *p < 0.001. 
ing a single exposure of 100 mJ/cm2 of UVB, but 23 j.Lg of 
DNFB could not. There is a linear augmentation of CHS with 
increasing sensitizing stimulus. Accordingly, we expected that 
the magnitude of UVB-induced suppression also may be aug-
mented with an increasing sensitizing dose of hapten. However, 
it was reduced by higher concentrations or total amount of 
hapten. Moreover, in contrast to the induction of CHS, the 
suppression was reduced with increasing hapten dose per unit 
area when the total amount of hapten was kept constant. This 
result suggests that the up-regulation mechanism producing 
CHS was enhanced by increasing the amount of hapten or 
hapten dose per unit area, even on the UVB-irradiated skin. It 
appears likely that up- and down-regulation mechanisms are 
involved in the UVB-induced suppression of CHS and that the 
interaction of both mechanisms may determine the degree of 
suppression. This may also be explained by results of the present 
experiment wherein simultaneous sensitization on exposed and 
nonexposed skin produced less suppression than sensitization 
only on exposed skin, and less CHS than sensitization only on 
nonexposed skin. It is interesting that a 1-d interval between 
application on exposed and nonexposed skin showed a stronger 
influence of the previous application. Furthermore, the present 
study demonstrated that not only concentration and amount of 
hapten, but also application area on the skin, is one of the 
important influencing factors in UVB-induced immunosuppres-
sion. This may be due to the density of APC in the sensitized 
area. 
The induction of CHS in mice has been said to be influenced 
by age of the animals [31]. Normal immune functions may start 
to decline shortly after sexual maturity. The UVB-induced 
suppression of CHS was significantly greater in the young than 
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Figure 8. Stronger suppression develops in younger mice. Two age 
groups (11 and 26 weeks) were irradiated with UVB at a dose of 100 
mJ/cm2 and were sensitized by 25 J.LI ofl % DNFB 1 d after irradiation. Data 
are expressed as mean intensity of ear swelling (:::!: standard deviation). *p < 
0.001 compared to positive control group (animals sensitized without UVB 
exposure). 
in the old mice in our study. This result suggests that UV-
induced immunosuppression is an active immunologic function 
that wanes gradually with aging. There was no difference in the 
degree of suppression between male and female mice of the same 
age group. 
Various influencing factors should be considered to obtain the 
most effective UVB immunosuppression. UVB-induced local im-
munosuppression does not occur as an "all or nothing" phenom-
enon. The degree of suppression may be determined by the 
interaction of up- and down-regulation mechanisms. 
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